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(Us) This invention deals With the reduction in ?xed pattern noise 
C d Add _ in backthinned CMOS imagers primarily for use in a 
stcglr?zpog ?glglee ress' vacuum environment. Reduction is achieved by effectively 
26620 yst 'Francis Road shielding the imager. This is done by depositing a conduc 
LOS Alto; Hills CA 94022 (Us) tive layer on the front surface prior to the attachment of a 

’ support member or by incorporating a conductive layer into 
73 AS - I I TEVAC I C_ the die at least extensive With the analog circuitry. This also 

( ) slgnee N ’ N may be achieved by leaving a void adjacent to the analog 
(21) APPL No. 10/355 836 circuitry area. This void, ?lled With air or a vacuum speci?es 

’ a low dielectric layer over critical analog circuitry. Finally 
(22) Filed; Jam 31, 2003 there is extended across the die an adhesive or under?ll 

material after Which a support member is placed onto the 
Publication Classi?cation under?ll to provide structure to the die. The under?ll and the 

support layer should have thermal coefficients of expansion 
(51) Int. Cl.7 ................................................... .. H01L 31/00 that substantially match that of the silicon. 
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BACKTHINNED CMOS SENSOR WITH LOW 
FIXED PATTERN NOISE 

FIELD OF THE INVENTION 

[0001] The invention relates to backthinned and backthin 
ning of CMOS imaging sensors for use in a vacuum envi 
ronment. 

BACKGROUND OF THE INVENTION 

[0002] Backthinning of CMOS sensors provide certain 
advantages. These can include performance advantages such 
as improved light sensitivity as a result of improved effective 
?ll factor and sensitivity to UV light or loW energy electrons. 
Although processes that Work With CCD sensors do not 
routinely transfer to the manufacture or structure of CMOS 
sensors, some do and are bene?cial to consider and to use. 
For example, When properly passivated by a method such as 
that described in US. Pat. No. 5,688,715 Which is applicable 
to CCDs, backthinned CMOS sensors also demonstrate high 
sensitivity to both UV light and loW energy (~0.5-20 keV) 
electrons. This property of backthinned CMOS sensors 
makes them particularly suitable for use in a vacuum envi 
ronment as a video based image intensi?er. US. Pat. No. 
6,285,018 B1 details the use of CMOS sensors including 
back thinned imagers in an electron-bombarded con?gura 
tion. 

[0003] Some degree of ?xed pattern noise generally and 
typically occurs in backthinned CMOS sensors. Sources 
include baseline sensor ?xed pattern noise and ?xed pattern 
noise that is introduced as a result of the back-thinning 
process. Back-thinned CMOS sensors are fabricated by 
taking a sensor designed for front side use and processing it 
to remove the silicon substrate. Processing for substrate 
removal includes subjecting the backside to an grinding 
processes until the substrate is suf?ciently thinned after 
Which the remaining substrate is subjected to chemical 
etching. Frontside CMOS die manufacturers often quote 
residual ?xed pattern noise of <0.5%. Processing induced 
?xed pattern noise hoWever, can be signi?cantly greater than 
that seen on bare die. Fixed pattern noise (FPN) can result 
from both pixel offset and gain variations. A more detailed 
discussion of FPN as it relates to CMOS sensors can be 
found in US. Pat. No. 6,459,078. Measured values are 
highly dependent on test conditions that can be crafted to 
highlight FPN introduced via speci?c mechanisms. This 
invention is focused upon minimiZing backside-thinning 
process induced FPN in CMOS imagers. 

[0004] Properties shared by CMOS sensors place them in 
a class that is distinct from CCDs thereby necessitating neW 
procedures and manufacturing approaches. It has been found 
in practice that CMOS imagers from a range of manufac 
turers are all highly stressed. This may result from the 
numerous metal and dielectric layers that characteriZe the 
modern CMOS imager. CCDs in contrast to CMOS imagers 
often employ only a couple metal layers and much thinner 
dielectric layers. CCDs tested to date do not exhibit the high 
levels of residual stress seen in CMOS imagers. Conse 
quently, When CMOS die are thinned Without a support 
structure bonded to the front side, the device curls and often 
breaks. The WindoW-frame con?guration, successfully 
applied to commercial backthinned CCDs, Where a thin ring 
of thick substrate is left around an unsupported image array 
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is impractical on commercially available CMOS sensors as 
a result of this residual stress. Accordingly CMOS die 
require bonding to a support structure on the front surface 
before thinning of the backside occurs. Apreferred support 
material is Code 7740/Pyrex glass. Other useful materials 
are materials that have a thermal coef?cient of expansion 
that generally matches the die. Typical bonding agents are 
thermal coefficient of expansion matched frit glass for 
vacuum compatible die or epoxy for less demanding appli 
cations. U.S. Pat. Nos. 6,168,965 and 6,169,319 describe a 
backside-illuminated sensor and method of manufacturing 
the same. These patents (US. Pat. Nos. 6,168,965 and 
6,169,319) hoWever, result in a sensor that has a transparent 
substrate Which is bonded to the backside surface as a 
support and Which thereby prevents direct access by imping 
ing electrons to the backside surface. Yet, in order for a 
CMOS imager to be useful in the application of primary 
interest, the back surface of the sensor must be available and 
accessible. Amethod for forming a supported imager assem 
bly suitable for the application of interest is detailed in US. 
Pat. No. 6,020,646. 

[0005] An application of this invention of primary interest 
is an embodiment Where the backthinned CMOS sensor is 
thinned to a point Where the entire backside is removed 
leaving only the epitaxally groWn silicon on the die. Back 
thinning may be performed along the entire surface or may 
be limited to the area of the pixel array. The CMOS sensor 
is then processed to loWer back surface dark current gen 
eration and increase sensitivity. The sensor is then mounted 
in a vacuum directly opposing a photocathode, also in the 
vacuum, in a proximity-focused con?guration as described 
in US. Pat. No. 6,285,018. This arrangement Will be more 
fully discussed in connection With FIG. 1. 

[0006] In attempting to operate the system shoWn in FIG. 
1 at its best levels, as for example as a night vision imager, 
or in scienti?c studies involving loW light levels, the images 
to be vieWed are often captured at very loW signal levels. 
When such images are displayed, residual ?xed pattern 
noise associated With pixel offset is highlighted. At higher 
signal levels gain variance related FPN (?xed pattern noise) 
tends to dominate. 

SUMMARY OF THE INVENTION 

[0007] TWo degradation mechanisms have been identi?ed. 
A ?rst such mechanism appears to primarily affect pixel 
offset. The effect is reversible and appears to increase in 
magnitude as the dielectric constant of the material coating 
the front surface of the CMOS sensor increases. The second 
source of ?xed pattern noise is associated With nonunifor 
mities in the under?ll material. Nonuniformities in the 
under?ll can result from voids or inconsistency in the ?ll 
material. When a backside thinned CMOS sensor or chip is 
exposed to Weakly absorbed light, typically in the 800 to 
1100 nm Wavelength range, some light is partially transmit 
ted through the sensor and is non-uniformly re?ected or 
scattered at the interface betWeen the surface of the die and 
the under?ll layer. The areas of non-uniform re?ection/ 
scattering translate into a spatially non-uniform pixel gain 
and hence output When the sensor is uniformly illuminated. 
It is these ?xed pattern noises that Will be addressed in this 
invention. This Will be done by novel manufacturing tech 
niques and construction of the CMOS imager. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic illustration of a backthinned 
CMOS sensor directly opposing a photocathode, both in 
vacuum, in a proximity-focused con?guration as practiced 
in the prior art. 

[0009] FIG. 2 is a block diagram of a CMOS imager as 
knoWn in the art. 

[0010] FIG. 3 is a plot of the average pixel value as a 
function of column number for a CMOS sensor that has been 
bonded to a glass support structure using a high dielectric 
glass frit. 

[0011] FIG. 4 is a shoWing of a CMOS die in three vieWs; 

[0012] FIG. 5 is an illustration of a ?rst stage in carrying 
out this invention by depositing a metallic coating on the die; 

[0013] FIG. 6 is an illustration of the next stage in Which 
an adhesive or under?ll is attached to the support; 

[0014] FIG. 7 is a shoWing of the die mounted to a support 
substrate With predeposited metal contact pads: 

[0015] FIG. 8 shoWs the die mounted on the support 
substrate; 
[0016] FIG. 9 shoWs a second embodiment of this inven 
tion in Which the adhesive is selectively deposited onto the 
die as to leave open an area; 

[0017] FIG. 10 illustrates the embodiment shoWn and 
discussed in connection With FIG. 9 in side vieW; 

[0018] FIG. 11 shoWs another and the preferred embodi 
ment of this invention in Which an internal metallic shield is 
incorporated into the die at a proper area; and, 

[0019] FIG. 12 is a graph shoWing the improvement that 
this invention achieves. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] In FIG. 1 there is shoWn a proximately focused 
con?guration comprising a vacuum 11, a photocathode 12, 
such as, a GaAs or an InP/InGaAs transferred electron 
photocathode, in proximity focus With a specialiZed active 
pixel sensor chip 13 Which forms the anode of the vacuum 
system. In accordance With this invention the active pixel 
sensor 13 is mounted With its backside facing photocathode 
12. Photoelectrons 15 are emitted from photocathode 12 in 
response to incident light illustrated as arroWs designated 
16. These electrons are accelerated by an applied voltage to 
sufficient energy to alloW impact ioniZation gain in the 
semiconductor (the epitaxally groWn silicon on the back 
surface of the die that is also maintained after backthinning) 
underlying the active pixel sensor 13. The accelerating 
voltage 17 applied to the photocathode 12 is negative With 
respect to the chip. This permits biasing the chip to near or 
at ground to simplify interfacing With other components. 
Control signals and bias voltages 18 are applied to active 
pixel sensor 13 and a video output signal 20 is taken off 
sensor 13. At the base of the system shoWn in FIG. 1, is a 
transparent faceplate 21. Vacuum system sideWalls 22 
extend betWeen the transparent faceplate 21 and header 
assembly 23, on Which the active pixel sensor chip is 
positioned. A photocathode 12 is positioned on the trans 
parent faceplate on the surface in the vacuum side. The 
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header assembly 23, also provides means for electrical 
feedthroughs for applying voltage 18 to the active pixel 
sensor chip. Any of various knoWn projection systems may 
be used to place an image onto photocathode 12. 

[0021] In order to better understand the form of degrada 
tion associated With the application of a high dielectric 
coating, a small drop of a high dielectric constant liquid 
(Water) Was placed on the front surface of the CMOS sensor 
and moved over various portions of the die. The ?xed pattern 
noise peaked and vanished as the drop Was moved over 
various portions of the die. This technique Was used to map 
out those sections of the CMOS die that are adversely 
affected by a high dielectric constant coating. The section of 
the die that exhibited the greatest sensitivity to the high 
dielectric constant “coating” lay immediately off of the pixel 
array. The sensitive area on the ?rst tested CMOS sensor 
mapped out as a strip of electronics that Was positioned 
immediately adjacent to the active area that runs the entire 
length of the active area but constitutes <20% of the total die 
area. The position and siZe of this area may vary from one 
sensor type to another. This Was later clari?ed as the area 
overlying the analogue support circuitry in the chip as 
discussed more thoroughly in connection With FIG. 2. 

[0022] FIG. 2 is a block diagram of a chip or CMOS 
imager. In this Figure, data is read out of pixel array 25 into 
a Column CDS structure 26. The signal then passes through 
a horiZontal register 27, a summing node 28 and an ampli?er 
30 before entering the analog to digital converter 31. This 
chain of circuitry can collectively be referred to as analog 
support circuitry. In general, ?xed pattern noise, it has been 
found, is generated in the analog support circuitry of a 
CMOS imager. Once the signal is in digital form it appears 
to be relatively immune to interference. Thus, since FPN 
does not appear to be created by digital circuitry, the analog 
support circuitry is a prime target for the concerns of this 
invention. 

[0023] Backside thinned CMOS sensors Were fabricated 
Without using the invention. The sensors used a leaded glass 
as the adhesive/under?ll layer. This adhesive under?ll layer 
exhibits a high dielectric constant. On these sensors the high 
dielectric constant coating induced repetitive vertical col 
umn FPN. FIG. 3 is a plot of the average dark pixel value 
as a function of column number for a CMOS sensor that has 
been bonded to a glass support structure using a high 
dielectric glass frit. The image from Which the data Was 
derived Was captured in the dark and high gain settings Were 
used in order to mimic the operational settings in loW light 
applications. The repetitive column noise is clearly visible in 
the column-averaged pixel values. No discernable repetitive 
column noise is visible on CMOS die of this type When 
placed in a normal, face-up package. 

[0024] Speci?c solutions to the problem of FPN as to 
improve image quality and avoid image degradation due to 
FPN in imaging using a backside thinned CMOS imager in 
a vacuum environment and particularly in connection With 
images at loW light levels Will noW be discussed. A ?rst 
approach involves creating a shield over sensitive areas With 
a conductive layer. A second approach is to maintain a loW 
dielectric constant such as an air or vacuum gap over those 

areas of the die that are responsible for the FPN. 

[0025] Reference is noW had to FIGS. 4 through 8 Which 
shoW the construction of the support for the die to enable 
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removal of the backside While maintaining the die as a viable 
device With no or substantially no discernible FPN for use in 
systems like that shoWn in FIG. 1. FIG. 4 illustrates an 
example of a CMOS die in three vieWs. The die 32 shoWn 
in a frontside vieW is also shoWn in a top vieW 32A and in 
a side vieW 32B. The die comprises the area of the active 
pixel array 33 interspersed With metal coated reference 
pixels 35 Which, because of the coating, do not shoW receipt 
of light and are used to de?ne black as a reference point in 
the output image. The analog support electronics 36 and the 
digital support electronics 37 are, in this die, shoWn in the 
areas illustrated. Finally the bond pads 38 are positioned 
along the outer edge of the die. The die illustrated in FIG. 
4 conforms to currently available die. HoWever, if the die 
con?guration is unknown, then its layout can be determined 
using the mapping technique described above. 

[0026] FIG. 5 illustrates the CMOS die looking at the 
frontside With a metallic coating 40 added to the front area 
of die 32 Which overlays the pixel arrays 33 and 35 and the 
analog support electronics 36, shoWn covered in this Figure 
When compared to the shoWing in FIG. 4. The area of the 
digital support electronics 37 need not be covered With the 
metallic coating. A side vieW 32B is also illustrated in this 
Figure. The metallic coating is deposited to be thick enough 
to be conductive and may for example comprise any con 
ductive metal of about a feW hundred angstroms. One 
example of a metallic coating that has been used is about a 
1,000 angstrom coating of aluminum. The metallic coating 
acts as a shield for the electronics of the chip and particularly 
so in the areas covered such as the active pixels and the 
analog support circuitry. In this illustration the coating is 
shoWn covering only these tWo areas of the die 32. Bond 
pads 38 can also be seen in this Figure, 

[0027] In FIG. 6 there is illustrated coating of a support 
substrate 41 With an adhesive 42 across its surface and With 
gold balls 49 attached. The adhesive 42 is selected to act as 
an under?ll material. The adhesive is a high dielectric 
constant material such as a loW melting point glass frit that 
has a thermal coefficient of expansion as to match the 
thermal coef?cient of expansion of silicon, the material on 
Which the die Was originally formed and Which constitutes 
the backside of the die. The adhesive may be an epoxy for 
non vacuum applications of the die. The support structure 41 
is glass. It too should have a thermal coef?cient that matches 
or approximately matches silicon and may comprise glass 
such as a 7740 glass or a 7070 glass. A Pyrex glass appears 
to Work Well for this application. Gold balls 49 noW cover 
the bond pads. 

[0028] In FIG. 7 there is illustrated the placing of metal 
contact pads 43 (tWo of Which are marked) onto the die 32. 
The pads are mounted to the gold bound pads 38 (shoWn in 
earlier Figures) using conventional techniques. In FIG. 8 the 
support substrate 41 is mounted onto the face of die 32. As 
shoWn, the adhesive under?ll is placed against the top 
surface and the metal contact pads 43 are partially covered. 
The support layer 41 is then mounted onto the adhesive 
layer. A side vieW is also shoWn in this Figure. 

[0029] The conductor used to shield the analog support 
electronics as discussed in connection With FIG. 5 may be 
a thermally evaporated or a sputtered metal layer. E-beam 
evaporators can produce potentially damaging x-rays and 
therefore are not recommended. 
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[0030] The source of ?xed pattern noise, in Which non 
uniform gain results from non-uniform re?ection and scat 
tering of incoming light, is of particular concern for back 
thinned CMOS sensors such as chip 13 used in a proximity 
focused device in conjunction With a GaAs photocathode as 
shoWn in FIG. 1. Under bright conditions, With no applied 
high voltage, these sensors can be used to directly image the 
long Wavelength light transmitted through the GaAs photo 
cathode. The light transmitted by the GaAs cathode and 
detected by the CMOS anode is peaked betWeen 800 and 
1100 nm. HoWever, as Was set forth above in loW light 
situations, the type vacuum imaging system illustrated 
employing an ordinary back thinned imager Will produce 
non-uniform pixel gain and hence, non-uniform output When 
the sensor is uniformly illuminated. Although discussed and 
illustrated as deposited over the analog circuit area only, 
metal deposition can also be extended over the active pixel 
array. In such a case one obtains the bene?t of addressing 
both the “high dielectric coating” FPN mechanism and that 
associated With the non-uniform optical properties of the 
under?ll material. Yet, depositing the conductive layer 
across the entire surface including the pixel area is a very 
loW cost Way to reduce such FPN presumably by blocking 
or preventing the transmitted light or the re?ected light from 
reaching the pixel section of the CMOS imager. Further this 
approach also appears to be quite robust physically. 
Whereas, this approach is most effective in considerably 
reducing this form of FPN a small amount of ?xed pattern 
noise may remain after the metaliZation layer is applied. 
Although the reason is not entirely clear it is believed that 
the presence of the metal layer may itself interfere, With the 
analog support circuitry, and generate a very small amount 
of detectable ?xed pattern noise. Yet, such FPN may be 
reduced from a performance limiting level of noise to a level 
equivalent to that seen on a bare die if care is exercised in 
designing the analog support circuitry for a die With the 
metal shield in place. 

[0031] In FIGS. 9 and 10 an alternate embodiment is 
shoWn. In FIG. 9, a die of the con?guration illustrated in 
FIG. 4 is described in connection With an alternate process. 
In this embodiment the die 32 is covered With an adhesive 
approximately 1 to 4 mils thick except for an exclusion Zone 
45 and except for the gold balls 49 bonded to underlying 
bond pads 38. A side vieW of the die With an adhesive 
coating except for the exclusion strip is also shoWn in this 
Figure. When support layer 32 is placed over adhesive 42, 
as shoWn in FIG. 10, there remains a void at 45, the area that 
corresponds to the area that Was left uncovered When the 
adhesive Was placed across the surface of die 41. This void 
may be left open to the vacuum When the die is placed into 
a vacuum environment for operation. The void Will act as a 
loW dielectric coating in area 45. If this area is sealed, for 
example at its edges by adhesive, again this area Will act as 
a loW dielectric coating and again the die structure With the 
exclusion Will prevent the introduction of additional FPN 
problems. It is thus seen that either a conductive shield or a 
void above the analog circuitry area of the upper surface of 
the die prevents the problem of ?xed pattern noise encoun 
tered Without use of this invention. 

[0032] Another embodiment is to use an anodic bond in 
lieu of the adhesive or under?ll layer used in connection 
With the last embodiment described. In this embodiment a 
depression or through-hole is carved into the glass support 
substrate above the analog support circuitry. The bonded 
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support glass speci?es a loW dielectric constant layer above 
the analog circuitry and operation is in accordance With the 
embodiment shoWn and discussed in connection With FIG. 
10. The Well in the support substrate of this embodiment can 
be generated by a number of techniques including ultrasonic 
machining or etching. Etching through either the die or 
support substrate and overlying dielectric coating accesses 
bond pads. 

[0033] A ?nal embodiment and the preferred embodiment 
for a CMOS imager for use in a vacuum environment is to 
manufacture the die With a conductive shield placed inter 
nally in the CMOS structure. This is shoWn in FIG. 11 
Where a cross sectional vieW through the analog support 
electronics shields the internal analog section. In this 
embodiment a metal shield layer 46 has been added to the 
CMOS structure 32. In this device the silicon base layer 51 
(to be back thinned) and the metal and dielectric layers 
associated With analog circuitry 48 as Well as the upper 
surface of the CMOS imager of Silicon Oxynitride 52, the 
usual upper or front layer on a CMOS device is bonded to 
a support substrate 41 via one of the previously described 
methods such as a frit glass adhesive layer 42. In this case 
the CMOS imager is manufactured With the shielding layer 
46 built in to the structure. The CMOS die in this embodi 
ment, as illustrated, is designed to incorporate a metal shield 
over the column CDS circuitry and the analog circuitry. The 
resulting CMOS sensor in such a case Will be immune to 
changes in the dielectric constant of the material overlying 
the front surface of the sensor. If this layer is taken into 
account Within the circuit performance model, no additional 
FPN is introduced as a result of the shields presence. The 
incorporation of the shield 46 makes the die immune to FPN 
degradation associated With ?ip-chip bonding processes. 

[0034] FIG. 12 shoWs a plot of the 8-column averaged 
pixel values for both a control sample bonded to a glass 
substrate using a high dielectric constant glass frit and tWo 
experimental samples. The 8-column average Was accom 
plished by averaging the pixel values for a full column of the 
CMOS image and then averaging the repetitive 8-column 
blocks over the full horiZontal extent of the image. This only 
captures the FPN that reoccurs on an 8-column basis but it 
provides a quick gauge as to the magnitude of the improve 
ment on this particular type of die. A fast Fourier transform 
of the image is a more general technique that can be used to 
identify repetitive FPN problems. The experimental samples 
incorporate an intervening 1000 A thick thermally evapo 
rated aluminum layer betWeen the surface of the CMOS die 
and the glass frit. Images Were captured in the dark at equal 
gain settings. Offsets Were adjusted to an average value of 10 
counts. The maximum sWing in the average pixel value Was 
reduced by approximately a factor of 5. This 5x reduction in 
FPN Was suf?cient to reduce the problem from one that 
limited the loW light signal to noise ratio of the sensor to a 
barely noticeable artifact. 

[0035] The method by Which a loW dielectric constant 
layer is speci?ed over sensitive portions of the CMOS die is 
dependent upon the choice of bond-doWn or “?ip-chip” 
technique. Flip-chip techniques can be generally classi?ed 
into tWo categories, ones that use an under?ll or adhesive 
layer and those that do not. Frit glass bonds and epoxy bonds 
to a supporting substrate fall into the ?rst category. Although 
many ?ip-chip processes begin by making electrical con 
nections Without any support beloW the die and folloW up by 
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Wicking in an under?ll material, it is dif?cult to control the 
physical extent of the under?ll material using this technique. 
Conversely, the under?ll material may be applied to the 
substrate or die in advance of the electrical bond via a 
patterned deposition. Through careful control of the appli 
cation of the adhesive/under?ll layer and careful control of 
the bonding cycle, a void can be left over the sensitive 
portions of the die. Another potential draWback of this 
technique is encountered upon backside thinning the die. 
After thinning the die, the area of the void is left Without 
frontside support, and can constitute a fragile, stressed 
membrane. The total thickness of the membrane is often 
quite thin. In order to maintain high performance on a 
backside thinned CMOS imager, the silicon thickness is 
often on the same order as the pixel pitch. Pixel pitch in the 
state of the art CMOS imagers is on the order of approxi 
mately 5 microns and Will continue to fall as design rules 
progress. Although the area of the die that is affected by a 
high dielectric coating may represent only ~20% of the total 
die area, the fragile nature of the unsupported ?lm may 
impact device yield. 

[0036] As previously stated, the area of the die that 
exhibits the greatest sensitivity to the high dielectric con 
stant coating lies immediately adjacent to the active pixel 
array. The only portion of the die that needs to be thinned in 
order to achieve good backside imaging performance is in 
the area of the active pixel array. Accordingly, “area selec 
tive backside thinning” (ASBT) can be used to etch aWay the 
excess silicon from the backside of the die in the area of the 
active pixel array While the silicon underlying adjacent 
circuitry and bond pads is left thicker. This technique is more 
fully detailed in a simultaneously ?led patent application 
entitled Backside Thinning of Image Array Devices, Ser. No. 

, incorporated herein by reference. The thicker layer, 
typically >25 microns thick, can be used to physically 
stabiliZe the unsupported membrane, thereby increasing 
device yield. In addition to the bene?t provided to the 
physical stability of the backside bonded sensor, ASBT has 
been demonstrated to improve the yield of backside thinned 
die that do not incorporate the unsupported membrane. 
Backside thinning techniques typically incorporate both a 
bulk silicon chemically modi?ed layer underlying the 
CMOS circuitry. A variety of silicon chemically selective 
stop etch techniques are documented and knoWn to those 
skilled in the art. Although the root cause of the yield loss 
is not completely clear, it has been observed that chemically 
selective stop etch techniques are more likely to fail on 
CMOS imagers than on CCDs that incorporate identical stop 
layer structures. It has been observed that stop layer failures 
are most likely to occur in the area of the die that overlies 
CMOS support circuitry as opposed to the active pixel array. 
Consequently, the use of ASBT Will supplement backside 
thinned CMOS yields Whether or not the high dielectric 
constant coating exclusion area approach is used. 

[0037] In the event that the active area metal coverage is 
not complete, this alloWs for front side testing of the die 
before ?ip-chip bonding. Further, by simply enlarging lines 
that are already on every CMOS die in a counterintuitive 
manner, one can achieve the desired end through increased 
shadoWing of the photosensitive portion of the pixel. 

[0038] It should be noted that the FPN associated With 
non-uniform under?ll can be minimiZed by using a loW open 
area ratio (OAR) metal layer over the active pixels. If for 
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example, a 5% OAR shield layer Were employed over an 
active pixel array that Would normally have a 50% ?ll factor, 
the effective FPN associated With non-uniform under?ll 
Would be reduced by ~10><. Retention of some frontside light 
sensitivity can be very useful as the die can be optically 
tested before ?ip-chip bonding. 

[0039] While this invention has been described in speci?c 
con?gurations, it should be readily recognized that it may be 
embodied in other forms and variations Without departing 
from the spirit or essential characteristics thereof. The 
present embodiments are therefore to be considered illus 
trative and not restrictive, the scope of the invention being 
indicated by the appended claims. 

What is claimed folloWs: 
1. A CMOS chip for use in an imaging system comprising 

a die, 

a conductive shield positioned at least overlying the pixel 
addressing or analog circuitry of the die, 

a silicon support layer at the backside of the die, 

a support structure for the chip on the front surface to 
maintain the shape and con?guration of the chip When 
the backside silicon support has been thinned. 

2. The CMOS chip of claim 1 in Which the silicon layer 
has been thinned to an epitaxally groWn silicon backside 
surface layer for use in a vacuum environment. 

3. The CMOS chip of claim 1 in Which the conductive 
shield is positioned Within the die. 

4. The CMOS chip of claim 1 in Which a thin conductive 
shielding coating is deposited on the front surface of the die 
in at least areas Where the analog circuitry and CD5 are 
located. 

5. The CMOS chip of claim 4 in Which deposition of the 
conductive shielding coating is a deposition of aluminum. 

6. The CMOS chip of claim 5 in Which the aluminum 
deposition is about 1000 angstroms thick. 

7. The CMOS chip of claim 4 in Which the conductive 
shielding is deposited by a sputtering process. 

8. The CMOS chip of claim 4 in Which the conductive 
shielding is thermally evaporated onto the front surface of 
the die. 

9. A CMOS chip for use in an imaging system comprising 

a die, 

a conductive shield positioned at least overlying the pixel 
addressing or analog circuitry of the die, 

a silicon support layer at the backside of the die, 

a support structure for the chip on the front surface to 
maintain the shape and con?guration of the chip When 
the backside silicon support has been thinned to an 
epitaxal surface layer, said support structure compris 
ing an adhesive under?ll material and supporting layer 
in Which said adhesive and said supporting layer each 
having a thermal coef?cient of expansion generally 
matching the thermal coef?cient of expansion of the 
silicon support layer at the backside of the die. 

10. A CMOS chip of claim 9 in Which the conductive 
shield is sufficiently robust as to cover the front surface of 
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the chip including the active pixel array to block greater than 
about 80% of the light incident on the front surface of the die 
from reaching the pixels of the chip. 

11. A CMOS chip for use in an imaging system compris 
ing 

a die, 

a silicon support layer at the backside of the die, 

a support structure for the chip on the front surface 
overlying ?ller material to adhere the support to the 
chip to maintain the shape and con?guration of the chip 
When the backside silicon support has been thinned, 
and 

a void in the ?ller over that portion of the chip associated 
With pixel addressing or analog circuits. 

12. The CMOS chip in accordance With claim 11 in Which 
the backside of the silicon has been thinned to a silicon epi 
layer. 

13. A method of reducing ?xed pattern noise in a CMOS 
chip comprising depositing a conductive shielding thin layer 
of metal on the front side of the die in at least the areas of 
the pixel addressing or analog circuitry, depositing an adhe 
sive onto said shielding layer, depositing support structure 
onto the adhesive layer, said adhesive and said support 
structure having thermal coef?cients of expansion generally 
conforming to the coef?cient of expansion of the backside 
silicon layer, and thinning the silicon backside of the die to 
an epitaxal surface layer by chemical and grinding tech 
niques. 

14. The method of claim 13 in Which the metal shielding 
layer is deposited by evaporating an aluminum layer unto 
the die. 

15. The method of claim 13 in Which the metal shielding 
layer is deposited by sputtering aluminum onto the die. 

16. The method of claim 13 in Which the metal shielding 
layer is deposited to also cover the area of the active pixel 
array as to reduce ?xed pattern noises from said chip due to 
stray light reaching the pixels of the die. 

17. An imaging system With reduced ?xed pattern noises 
comprising placing a CMOS chip comprising: 

a die; 

a conductive shield positioned at least overlying the pixel 
addressing or analog circuitry of the die; 

a silicon support layer at the backside of the die; 

a support structure for the chip on the front surface to 
maintain the shape and con?guration of the chip When 
the backside silicon support has been thinned to an 
epitaxal surface layer, said support structure compris 
ing an adhesive under?ll material and supporting layer 
in Which said adhesive and said supporting layer each 
having a thermal coef?cient of expansion generally 
matching the thermal coef?cient of expansion of the 
silicon support layer at the backside of the die, in 
position in a proximity focused imaging system com 
prising: a photocathode mounted on a transparent base; 
the CMOS chip; and a vacuum system betWeen the 
photocathode and the CMOS chip With the backsurface 
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of the CMOS chip facing said photocathode and said exposing said photocathode to a light image as to direct 
photocathode and said CMOS chip being position electrons from said photocathode to the back surface of 
Within the vacuum and facing each other, the incoming said CMOS chip. 
electron image from the facing photocathode feeding to 
the backsurface of said CMOS chip; and * * * * * 


